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We, WlLHELM SCHAEFFLER and GEORG 

Schaeffler, both of 3, Am Sportplatz Wei- 
hersbach, Herzogenaurach near Nuremberg, 
Germany, and both of German nationality, 
trading as Industriewerk Schaeffler oHG, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the fol- 
lowing statement : — 

The invention relates to a cage for cylindri- 
cal rolling elements, more particularly a needle 
cage, whose bars bounding the windows hold 
the rolling elements individually, partly within 
and partly outside the pitch circle, and wherein 
the axial parallel bar portions are connected 
to one another by bent-over portions. 

In known cages of this kind, the guiding 
of the rolling elements which are introduced 
resiliently into the windows is effected either 
only along the bent-over portions of the bars 
or both at the bent-over portions and also at 
the axially parallel bar portions arranged in- 
side and outside the pitch circle. 

In the former case, special shaping of the 
bar portions which extend obliquely to the cage 
axis is required both as regards the bar cross- 
section and with regard to the side surfaces 
guiding the rolling elements. The cross-section 
of the bent-over bar portions is made trapezoi- 
dal in shape, and the side surfaces of the trape- 
zium have a considerably rounded form which 
is relatively difficult to calculate and produce 
if the guiding of the rolling elements is to be 
effected along a line and not merely by point 
contact. 

The same also applies to known cages of 



the second kind wherein the guiding of the 
rolling elements is to be effected at all bar 
portions at the same time along lines parallel 
to one another. It is practically impossible for 
such cages to be produced with the necessary 
great accuracy and the usual manufacturing to- 
lerances. 

Rolling element cages are known which are 
punched from a flat plate and then, with the 
formation of oblique connecting portions be- 
tween the upper and lower axially parallel bar 
portions, are rolled out and finally bent to the 
form of the round cage. At punching the upper 
and lower bar portions are given different 
widths which necessitate unequal spacings be- 
tween these bar portions. The dimensions are 
so calculated that when bending the cage to 
a circular form the narrower spacing between 
the bar portions which come to be situated 
above the pitch circle are broadened whereas 
the wider spacings between the bar portions 
which come to be situated below the pitch cir- 
cle are narrowed, the final result being that 
in the finished curved cage there is obtained 
a slot of equal width over the entire cage 
width. These bar portions are not guides in 
the sense of the present invention but merely 
supports for the rolling elements, in order to 
prevent them from falling out of the cage. 

The invention avoids the disadvantages of 
known cage constructions which are due more 
particularly to the inaccurate guiding of the 
rolling elements and the difficult and intricate 
method of producing the cage. 

According to the present invention there is 
provided a cage carrying cylindrical rolling 
elements, such as a needle cage, the cage com- 
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prising end rings joined by bars forming the 
windows of the cage, the bars having first por- 
tions arranged at least predominantly inside 
and second portions arranged at least predomi- 
5 nantly outside the pitch circle of the rolling 
elements, said first and second portions extend- 
ing parallel to the axis of the cage and holding 
the rolling elements individually in the win- 
dows, the first and second portions of each bar 
10 being spaced from each other along the length 
of the bar and connected together by bent- 
over portions of the bar, characterised in that 
the axially parallel guiding of the rolling ele- 
ments is effected exclusively inside or exclu- 
15 sively outside the pitch circle by the first or 
second bar portions. These parallel bar por- 
tions are extremely simple from the manufac- 
turing technique point of view, and can be pro- 
duced accurately and with very simple means 
20 e.g. by punching. They afford the advantage 
of absolutely reliable line-contact guiding of 
the rolling elements and can at the same time 
achieve reliable guiding of the cage. 
It is particularly advantageous for the axial- 
25 parallel guiding of the rolling elements to 
be effected by axially parallel bar portions 
which extend from each end ring to the adjoin- 
ing bent over portion. The resulting guiding 
of the rolling elements at their ends has the 
30 result that the central portion of the rolling 
elements, which is most subjected to load, does 
not come into contact with a guiding surface 
and that accordingly stripping-off or influenc- 
ing of the lubricating film cannot occur even 
35 at very high speeds of rotation. If, for any 
reason wear phenomena occur in the rolling 
elements guided at their ends, the ability of 
the bearing to function is not thereby preju- 
diced in any way since a reduction of the roll- 
40 mg element diameter at the ends even though 
only slight leads to reduction of the edge 
stresses which are often unavoidable in cylin- 
drical rolling elements. 
According to a further feature of the inven- 
45 tion, the axially parallel bar portions adjoining 
the end rings of each two adjacent bars, are 
provided with guide edges or guide surfaces 
which co-operate with the rolling elements and 
which effect not only the axially parallel guid- 
50 ing of the rolling elements but at the same 
time, with appropriate dimensioning of the 
spacing, from one another, taking into account 
the necessary lubrication film thicknesses be- 
tween rolling elements and guides, the radial 
55 guiding of the cage on the rolling elements. 

As a result, a completely accurate co-opera- 
tion is achieved between cage and rolling ele- 
ments, each retaining the other, and the cage 
is not capable of damaging the raceway since 
60 does not have any radial freedom worth 
mentioning. 

The cage is expediently so constructed that 
the axially disposed bar portions which effect 
the guiding both of the rolling elements and 
65 also of the cage have specially formed-on, e.g. 



stamped-on, guide surfaces, guide edges or the 
like which in addition to satisfactory guiding 
between bar and rolling elements also guaran- 
tee the maintenance of accurately determined 
spacings between the bar portions of neigh- 70 
bouring bars. ^ This construction guarantees 
perfect dimensional accuracy, since the guide 
edges or guide surfaces are easily accessible 
and therefore can be produced or machined 
in a very simple manner. 75 

According to a further feature of the inven- 
tion, the cage is also so constructed that the 
specially formed-on e.g. stamped-on, profiled 
guide surfaces or the like form together with 
the rolling elements wedge-shaped openings in 80 
which at least in the direction of rotation of 
the needles before the smallest spacing between 
rolling element and bar surface the lubricant 
becomes accumulated and thereby always 
forms a pressure cushion consisting of lubri- 85 
cam \ This construction guarantees an abundant 
lubrication between guide surface and rolling 
element and thereby avoids any wear pheno- 
mena, guarantees silent r unning of the cage, 
and a reduction in the friction between cage 90 
and rolling element and thus prevents the de- 
velopment of heat. 

It is often necessary more particularly in the 
case of small rolling elements to use material 
of slight- thickness. For the purpose of stabi- 95 
lisation, more particularly, in a cage of this 
kind and in order to increase the lateral abut- 
ment surfaces for the rolling elements and the 
cage itself, the bars are conveniently fixed by 
radially directed end rings which secure the 100 
axial position of the rolling elements. 

The invention is illustrated by way of exam- 
ple in the drawings wherein : 

Figure 1 is a longitudinal sectional view 
through a cage for cylindrical rolling elements 105 
on a larger scale, the axially parallel guiding 
of the rolling elements being effected exclu- 
sively inside the pitch circle, 

Figure 2 is a cross-section through a window 
of this cage taken on the line II— II of Figure 110 
1, on a still larger scale, 

Figure 3 is a longitudinal sectional view 
through a cage for cylindrical rolling elements 
on an enlarged scale, the rolling elements being 
guided in axially parallel manner by the cage 115 
and at the same time the cage being radially 
guided on the rolling elements, 

Figure 4 is a partial cross-section of this 
cage taken on the line IV— IV of Figure 3, 

Figure 5 is a partial elevation of a cage ac- 120 
cording to Figure 3, 

Figure 6 is a cross-section through a cage 
window taken on the line VI— VI of Figure 
5, on a further enlarged scale, the left-hand 
half showing the punched cage cross-section 125 
and the right-hand half showing the cage 
cross-section provided with subsequently pro- 
cessed guide surfaces, 

Figure 7 is a partial elevation of a cage, 
but with rpUed-on external retaining means, 130 
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Figure 8 is a cross-section through a cage 
window according to line VIII — VIII of 
Figure 7 on an enlarged scale, the left-hand 
half showing the punched cage cross-section 
5 and the right-hand half showing the cage 
cross-section provided with subsequently pro- 
cessed guide surfaces, 

Figure 9 is a longitudinal sectional view 
through a needle cage of modified form and 
10 on an enlarged scale, 

Figure 10 is a partial cross-section of the 
needle cage according to the line X — X of 
Figure 9, 

Figure 11 is a partial elevation of the needle 
15 cage according to Figure 9, 

Figure 12 is a cross-section through the cage 
window taken on the line XII— XII of Figure 
11 on an enlarged scale, 
Figure 13 is a longitudinal sectional view 
20 through a cage for cylindrical rolling elements 
on an enlarged scale, wherein the axially paral- 
lel guiding of the rolling elements is effected 
outside the pitch circle and at the same time 
the cage is gvilded radially on the rolling ele- 
25 ments, 

Figure 14 is a partial cross-section of this 
cage taken on the line XIV— XIV of Figure 
13 on a still larger scale, 
Figure 15 is a longitudinal sectional view 

30 through a cage for cylindrical rolling elements 
on an enlarged scale, wherein the axially paral- 
lel guiding of the rolling elements is effected 
outside the pitch circle between the two bent- 
over portions, 

35 Figure 16 is a partial cross-section of this 
cage taken on the line XVI — XVI of Figure 
15 on a larger scale. 

The cage shown in Figures 1 and 2 is pro- 
duced for example from a cylindrical sleeve 

40 or a tubular element having a wall thickness 
of about 1/4 of the rolling element diameter, 
and any suitable process can be used for pro- 
ducing this starting workpiece i.e. a material- 
removing process or a process which does not 

45 involve cutting. Into this cylindrical sleeve 
there are punched the windows 2 which are 
required for receiving the rolling elements 1 
and whose length is so dimensioned that the 
following shaping without removal of material 

50 can cause a shortening of the windows 2 and 
nevertheless in the final state sufficient axial 
play can still be available for the rolling ele- 
ments 1. Lateral end rings 3 hold and fix rela- 
tively to one another the bars 4 which remain 

55 between the windows 2 over the periphery of 
the cvlinder. The windows 2 are each given 
a varying width over their length, in such a 
manner that at both ends 5 they are of smaller 
width than the rolling element diameter, these 

60 portions then being followed by portions 6 
which are wider than the rolling element dia- 
meter, to be followed again in the central por- 
tions 7 by a reduced width. The cylindrical 
* sleeve provided with such windows is then so 

65 shaped by a shaping process not involving cut- 



ting, that the formerly axial parallel edges of 
the portions 6 are redirected to lie substantially 
radial of the cage and that each portion 7 is 
offset radially outwardly of the associated end 
portions 5. Each central portion 7 is then situ- 70 
ated outside the pitch circle 8, of the rolling 
elements 1, and a cylindrical form is retained. 
Thus, whereas the narrower portions 5 at the 
ends of the windows 2 come to be situated 
within the pitch circle 8, the likewise relatively 75 
narrow portions 7 in the middle of the win- 
dows 2 are situated outside the pitch circle 
8. The bar portions 9 and 10 of the bar 4 
associated with these two portions 5 and 7 are 
connected by bent-over bar portions 11 of the 80 
bar 4. The portions 9 which are inside the 
pitch circle 8 and the portions 10 which are 
outside the pitch circle 8 extend parallel to 
the axis 12 of the cage. These bar portions 
11 can extend obliquely or radially to the axis 85 
of rotation 12 of the cage and do not contact 
the rolling elements 1 in the pitch circle 8. 

Since the portions 5 and 7 of the windov/s 
2 situated inside and outside the pitch circle 
8 are narrower than the rolling element dia- 90 
meter, the radial retension of the rolling ele- 
ments 1, which are introduced resiliently into 
the windov/s 2 from the outside, is thus guar- 
anteed. 

The spacing of the bar portions 10 and 11 95 
situated outside the pitch circle 8 from the 
generated surface 13 of the rolling elements 
1 is greater than the spacing of the bar por- 
tions 9 situated within the pitch circle 8 from 
the surface 13, whereby the rolling elements 100 
1 come to abut only on the guide surface 14 
directed tangentially to the rolling element sur- 
face 13 and are thus guided. The radial free- 
dom of the cage situated between an inner 
racewav 15 and an outer raceway 16 is less 105 
than the radial freedom of each two inter-asso- 
ciated guide surfaces 14 relatively to the sur- 
face 13 of the rolling element 1. The cage 
may be guided on the inner raceway 15 as 
illustrated by way of example or on the outer HO 
raceway 16. 

Figures 3 to 6 show a cage whose bars 17 are 
held and fixed relatively to one another by lat- 
eral end rings 18. Between the bars 17 there 
are situated the windows 19 which have vary- 115 
ing widths over their length. The portions 21 
of the bars 17 which extend in the axial direc- 
tion within the pitch circle 20 can, as shown 
at the left in Figure 6, have an edge 24 which 
is obtained by punching and is directed to- 120 
wards the generated surface 22 of the rolling 
elements 23, or, as shown at the right in Figure 
6, a guide surface 25 produced by stamping. 
The portions 21 of each bar 17 are Joined by 
bent over portions 28 to an intermediate bar 125 
portion 27 which is parallel to the cage axis 
and outside the pitch axis 20. Each two mu- 
tually opposite bar edges 24 or guide surfaces 
25 have, taking into account the lubricating 
film thicknesses required between the guide 130 
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surfaces and the cage, and the usual play, such 
a small spacing from the generated surface 22 
of the rolling elements 23, that the cage itself 
is accurately guided in the radial sense on the 

5 rolling elements and thus centered thereby. 
The radial freedom of the cage relatively to 
the inner or outer race is greater than the ra- 
dial spacing of each two inter-associated bar 
edges 24 or guide surfaces 25. The cage is 

10. not guided on one of its two raceways or an- 
other part. 

As Figures 7 and 8 show, the windows 29 
of the cage can also be so constructed that 
in their central portion 30 they are not nar- 

15 rower than the rolling element diameter. The 
retaining of the rolling elements 31 externally 
is in this case effected by noses 32 which are 
formed by up-setting and whose spacing from 
one another is less than the rolling element 

20 diameter. The noses 32 are formed by rolling- 
over the central cage bars 33, the rolling 34 
being either at the bore side or at the outer 
side. 

The cage construction illustrated in Figures 
25 9 to 12 is intended particularly for rolling ele- 
ments 35 having spherical ends 36 and a small 
diameter. Since a wall thickness of about 1/4 
of the rolling element diameter is not possible 
in this case, since such a cage does not have 
30 sufficient rigidity„and on the other hand there . 
would not be a sufficient abutment surface for 
the lateral cage abutment and also for the roll- 
ing elements, such a cage is manufactured from 
a cylindrical sleeve whose wall thickness corre- 
35 sponds approximately to half the rolling ele- 
ment diameter. The ends of the sleeve are pro- 
vided with radially directed rims 37 in order 
to give the cage an adequately large lateral 
abutment surface 38. The wall thickness of the 
40 cage is so dimensioned that it extends to the 
pitch circle 39 or beyond, in order that the 
rolling elements 35 can abut with their centre 
situated at the pitch circle 39 axially against 
the end face 40 of the windows 41. The win- 
45 dows 4 1 which are punched e.g. in the 
stretched state of the cage, are narrower than 
the rolling element diameter in the region of 
the ends of the rolling elements, and are 
broader in the portions between these end por- 
50 tions. By shaping without cutting, the central 
bar portions 42 are then pressed outwards, so 
far that they are slightly smaller at their maxi- 
mum diameter than the outer raceway. By 
stamping from the outside, the guide surfaces 
55 44 which are required for guiding the rolling 
elements at the bar end portions 43 are then 
formed, which again extend conveniently tan- 
gentially to the generated surface 45 of the 
rolling elements. The bar end portions 43 
60 which, as appears from Figure 9, are predomi- 
nantly inside the pitch circle 39 and are 
parallel to the cage axis, are joined by bent- 
over portions to the bar portions 42 which 
are predorninanttly outside the pitch circle 
65 39 and parallel to the cage axis. As can 



be seen from Figure 12 the elements 1 are 
guided inside the pitch circle 39, by the sur- 
faces 44 on the portions 43. The rolling 
elements are maintained by noses 46 which are 
formed by rolling on the central bar portions 70 
42 and whose spacing from one another is 
less than the rolling element diameter. 

Figures 13 and 14 show that the cage cross- 
section can also be the other way round. For 
accommodating the rolling elements 47, there 75 
are punched in a cylindrical sleeve windows 
48 between which bars 49 remain over the 
periphery of the cylinder, these bars being held 
and fixed in position relatively to one another 
by lateral end rings 50. The windows 48 here 80 
again are given a varying width over their 
length. By shaping without cutting, the cylin- 
drical sleeve is then formed in its central por- 
tions 51 and 52 in such a manner that the 
portions 53 of the windows 48 which are given 85 
a greater width than the rolling element dia- 
meter are situated in the offset region and the 
central portion 54, which is narrower than the 
rolling element diameter, is situated inside the 
pitch circle 55. The portions 56 of the win- 90 
dows 48 situated outside the pitch circle at 
the ends of the rolling elements 47 are also 
narrower than the rolling element diameter. 
For guiding the rolling elements on a broad 
-base-the--raecessary guide surfaces 58 extending 95 
conveniently tangentially to the generated sur- 
face 57 of the rolling elements are arranged 
outside the pitch circle 55. The radial spacing 
of each two inter-associated guide surfaces 58 
relatively to the generated surface 57 of the 100 
rolling elements is less than the clearance of 
the cage from its two raceways, so that in addi- 
tion to the guiding of the rolling elements at 
the guide surfaces, the cage itself is guided 
and at the same time centered by means of 105 
these guide surfaces on the rolling elements. 

Since the bar portions 10, 11, 27, 28, 33, 
42, 51, 52 situated in the middle of the cages 
are spaced further from the rolling element 
generated surface 13, 22, 45, 57 than the por- HO 
tions at the ends of the bars, the film of oil 
which normally forms when the rolling ele- 
ments rotate cannot be influenced or stripped 
off at the central portion of the rolling ele- 
ments which is subjected to the greatest load. 1 15 

The guiding of the rolling elements at their 
ends affords, in the form of embodiment which 
have been described, the advantages that on 
the one hand the guiding bar portions are in 
rigid connection with the lateral end rings and 120 
are not detrimentally affected in their position 
and guiding even at very high rotational speeds 
by any land of force influences e.g. by the 
occurrence of vibrations, and that they do not 
participate in the resilient insertion of the roll- 125 
ing elements and retain their position constant- 
ly. Depending on requirements, they are also 
capable of being made to an optimum length 
so that they guide the rolling elements with 
line contact and in axially parallel manner with 130 
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absolute reliability at two places far apart from 
one another. 

In the cage according to Figures 15 and 16, 
in contrast to the forms of embodiment hither- 
J to illustrated, the guiding of the rolling ele- 
ments 59 and also the guiding of the cage on 
the rolling elements is effected between the two 
bent-over portions 60. The cage, which again 
is made from a cylindrical sleeve and is given 
10 windows 61 of varying widths, is deformed 
with its central axially directed bar portions 
62 as in the form of embodiment shown in 
Figures 1 and 2. But the widths of the individ- 
ual window portions is made such that the two 
15 outer portions 63 only form retaining means 
for the rolling elements 59 in the inward sense, 
at the axially directed bar portions 65 adjoin- 
ing the lateral end rings 64, whereas the cen- 
tral portion 66 eff ects the retaining in the outer 
20 sense and at the same time the necessary guid- 
ing action. The portions 60 which are bent over 
and have side surfaces 67 extending parallel 
to one another connect the bar portions 62 and 
65 to one another. The guide surfaces 70 ex- 
25 tend outside the pitch circle 69 and tangential- 
ly to the rolling element generated surface 68 
at the central web portions 62. Here again, 
the illustrated cage cross-section can be re- 
versed, so that the guide surfaces come to be 
30 situated within the pitch circle. 

As shown for example in Figures 6 and 8, 
it is possible for the bar portions which effect 
guiding and are situated inside or outside the 
pitch circle to be made so accurately that ax- 
35 ially parallel line-contact guiding of the rolling 
elements is guaranteed and the cage is guided 
thereon without any additional processing of 
the bar edges. In order to provide even finer 
guiding and to gaurantee absolutely reliable di- 
40 mensional accuracy at the guide surfaces, and 
to maintain accurately calculated spacings be- 
tween the guiding bar portions, the bar edges 
can also be specially formed in all the forms 
of embodiment. Thus, it is possible, for exam- 
45 pie, in a simple manner to stamp the axial 
edges 24 which are formed when the cage is 
punched so that they become guide surfaces 
25. 

The guide surfaces 14, 25, 44, 58, 70 are 

50 easily accessible from the outside or inside for 
the introduction of tools, and can easily be 
worked on since the other bar portions of the 
cage situated outside or inside the actual guid- 
ing portions are spaced further apart from one 

55 another than the guiding portions which are 
to be worked. The formed-on, e.g. stamped 
guide surfaces extend conveniently tangentially 
to the generated surface of the rolling element 
and thus form openings 26 which are wedge- 

60 shaped towards the line of contact with the 
rolling elements and through which the lubri- 
cant accumulates at least in the direction of 
rotation of the rolling elements between the 
said elements and the guide surfaces, thus 

65 forming a pressure cushion for adequate lubri- 



cation between guide surface and rolling ele- 
ment It is also possible for the guide surfaces 
to be adapted to the circular shape of the gen- 
erated surface of the rolling element, or to give 
them, as viewed in cross-section, a larger ra- 70 
dius than that of the rolling elements, so that 
at least in the direction of rotation of the roll- 
ing elements the lubricant is accumulated and 
a pressure cushion is formed in order to gaur- 
antee lubrication at a restricted point. The ac- 75 
curate position of the pressure cushion can be 
deterrnined in all variants, e.g. by small re- 
cesses produced by stamping or by retaining 
sills situated parallel to the rolling elements. 
WHAT WE CLAIM IS : — 80 

1. A cage carrying cylindrical roiling ele- 
ments, such as a needle cage, the cage compris- 
ing end rings joined by bars forming the win- 
dows of the cage, the bars having first portions 
arranged at least predominantly inside and sec- 85 
ond portions arranged at least predominantly 
outside the pitch circle of the rolling elements, 
said first and second portions extending paral- 
lel to the axis of the cage and holding the 
rolling elements individually in the windows, W 
thje first and second portions of each bar being 
spaced from each other along the length of 
the bar and connected together by bent-over 
portions of the bar, characterised in that the 
axially parallel guiding of the rolling elements 95 
is effected exclusively inside or exclusively out- 
side the pitch circle by the first or second bar 
portions. 

2. A cage according to claim 1, characterised 
in that the axially parallel guiding of the roll- 100 
ing elements is effected by parallel bar portions 
which extend from each end ring to the nearest 
bent-over portion. 

3. A cage according to claim 2, characterised 
in that the axially parallel bar portions adjoin- 
ing the end rings of each two adjacent bars 
are provided with guide edges or guide sur- 
faces which co-operate with the rolling ele- 
ments and which effect not only the axially 
parallel guiding of the rolling elements but at * W 
the same time, with appropriate dimensioning 
of the spacing from one another, taking into 
account the necessary lubrication film thickness 
between rolling elements and guides, the radial 
guiding of the cage on the rolling elements. 1 15 

4. A cage according to claim 3, characterised 
in that the axially disposed bar portions which 
effect the guiding of both the rolling elements 
and of the cage have specially formed-on, e.g. 
stamped-on guide surfaces, guide edges or the 120 
like which in addition to satisfactory guiding 
between bar and rolling element also gaurantee 
the maintenance of accurately determined 
spacings between the bar portions of neigh- 
bouring bars. 125 

5. A cage according to claim 4, characterised 
in that the specially formed-on e.g. stamped, 
profiled guide surfaces or the like form to- 
gether with the rolling elements wedge-shaped 
openings in which, at least in the direction or 130 
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rotation "of the needles, the lubricant is accu- 
mulated upstream of the shortest spacing be- 
tween rolling element and bar surface, with 
the result that a pressure cushion consisting 
of the lubricant is always formed. 

6. A cage according to any of claims 1 to 
5, characterised in that the end rings are ra- 
dially directed and secure the axial position 
of the rolling elements. 

7. A cage carrying cylindrical rolling ele- 
ments, such as a needle cage, the cage being 



substantially as hereinbefore described with 
reference to Figures 1 and 2, Figures 3 to 6, 
Figures 7 and 8, Figures 9 to 12, Figures 13 
and 14 or Figures 15 and 16 of the accom- 
panying drawings. 

HASELTINE, LAKE & CO., 
Chartered Patent Agents, 
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Agents for the Applicants. 
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